T he most frequently used drugs for the purpose of reducing acute pain are opioids. The introduction of new opioids and surgery-oriented treatment protocols has, however, failed to adequately handle pain. 5, 6, 12 Moreover, increased opioid doses and increased rates of their administration may lead to opioid hyperalgesia instead of appropriate analgesia. Multimodal analgesia, i.e., the combination of opioids and nonopioid oral adjuvants, has proven beneficial in preventing such undesired occurrences when regional analgesia is impracticable. 7, 20, 27, 29, 45, 46, 49 Morphine adjuvants are compounds that have medium-low analgesic potency when used alone. However, when used multimodally, they potentiate the opioids' effects, thus enabling the use of lower opioid dos- OBJectiVe The aim of this study was to assess in-hospital (immediate) postoperative pain scores and analgesic consumption (primary goals) and preoperative anxiety and sleep quality (secondary goals) in patients who underwent craniotomy and were treated with pregabalin (PGL). Whenever possible, out-of-hospital pain scores and analgesics usage data were obtained as well. MethODS This prospective, randomized, double-blind and controlled study was conducted in consenting patients who underwent elective craniotomy for brain tumor resection at Tel Aviv Medical Center between 2012 and 2014. Patients received either 150 mg PGL (n = 50) or 500 mg starch (placebo; n = 50) on the evening before surgery, 1.5 hours before surgery, and twice daily for 72 hours following surgery. All patients spent the night before surgery in the hospital, and no other premedication was administered. Opioids and nonsteroidal antiinflammatory drugs were used for pain, which was self-rated by means of a numerical rating scale (score range 0-10). reSUltS Eighty-eight patients completed the study. Data on the American Society of Anesthesiologists class, age, body weight, duration of surgery, and intraoperative drugs were similar for both groups. The pain scores during postoperative Days 0 to 2 were significantly lower in the PGL group than in the placebo group (p < 0.01). Analgesic consumption was also lower in the PGL group, both immediately and 1 month after surgery. There were fewer requests for antiemetics in the PGL group, and the rate of postoperative nausea and vomiting was lower. The preoperative anxiety level and the quality of sleep were significantly better in the PGL group (p < 0.01). There were no PGL-associated major adverse events. cOnclUSiOnS Perioperative use of twice-daily 150 mg pregabalin attenuates preoperative anxiety, improves sleep quality, and reduces postoperative pain scores and analgesic usage without increasing the rate of adverse effects.
es and limiting their side effects along with the achievement of optimal analgesia status and satisfaction rates. 9 One group of newer products that are not analgesics per se but can act as co-adjuvant opioids are gabapentinoids.
One gabapentinoid-pregabalin (PGL; Lyrica)-is an antiepileptic drug that has been shown to expedite the analgesic effects of other drugs for diabetic neuropathy, postherpetic neuralgia, and neuropathic pain. 18, 31 PGL binds selectively to the Ca(V)a 2 d auxiliary subunit of presynaptic voltage-gated calcium channels, thus decreasing the release of pro-nociceptive neuropeptides, including glutamate, noradrenaline, and substance P. 42 This inhibition prevents the release of the excitatory neurotransmitters that activate pain pathways. 28 Most of the reviews and meta-analyses of PGL (and its structural analog gabapentin) have shown that their perioperative use permits an opioid-sparing effect and improves postoperative pain scores in comparison with placebo. 3, 17, 21, 24, 34, 47 However, adverse effects, such as visual disturbance, sedation, dizziness, and headache, may occur, especially at higher doses. Pregabalin had initially been tested in relatively less painful surgical procedures, such as laparoscopic, gynecological, and minimally invasive orthopedic surgeries, as well as other ambulatory surgeries. 1 Recently, it has been tested in more painful surgical procedures such as lumbar spine surgery and knee arthroplasty. 8, 10 Pain after an infratentorial procedure is common and at times it is severe. 39, 44 One study in which the majority of the procedures were supratentorial noted that 56% of the patients reported persistent pain even at 2 months after surgery and 50% experienced neuropathic symptoms. 2 Thus, intracranial surgery induces meaningful postoperative pain, and proper treatment is essential.
In neurosurgical patients, the rapid and sustained regaining of consciousness, as well as pain control that minimally affects orientation and lucidity, are preferred. The anesthesia protocol should also exclude opioids due to their side effects, such as sedation, meiosis, nausea, and vomiting, allowing the prompt recognition of incipient intracranial catastrophe and not interfering with intracranial physiology. There is also a concern about the respiratory depressant effects of opioids that can increase circulating carbon dioxide tension, which provokes changes in cerebral blood flow and intracranial pressure. 16 Although as an anticonvulsant PGL may minimally delay emergence from anesthesia, 43 it remains unknown if its prolonged perioperative administration would interfere with patient safety and outcomes after intracranial surgery.
The objectives of this study were to assess if there are beneficial preemptive and preventive effects of PGL on 1) the immediate (0-3 days) postoperative analgesic requirements and pain scores (primary goals) and whenever available the late (up to 3 months) self-assessed pain levels and drug usage (primary goals) and 2) presurgical anxiety levels and quality of sleep (secondary goals) in patients undergoing elective neurosurgical procedures.
Methods

Patient Definitions
Patients who were in Classes I to III according to the American Society of Anesthesiologists (ASA) Physical Status Classification System and scheduled to undergo craniotomy for the removal of a brain tumor were enrolled into this study. This study was approved by the institutional human research and ethics committee of the Tel Aviv Sourasky Medical Center and was registered at clinicaltrials.gov (NCT01612832). All participants were given a full explanation of the study protocol, study drug, and numerical rating scale (NRS) scores during the preanesthesia interview. The patients then signed Helsinkiapproved informed consent. Surgery was performed under either general anesthesia or monitored anesthesia care (i.e., "awake").
exclusion criteria
Patients were excluded if they had a history of allergy to opioids, propofol, PGL, nonsteroidal antiinflammatory drugs (NSAIDs), or dipyrone, chronic pain unrelated to the cause of intervention, psychiatric disorders, or the use of centrally acting antidepressants or antipsychotic drugs, sedatives, or antiepileptics. Patients who were younger than 18 years of age or older than 80 years, in military service, or pregnant were also excluded, as were emergency cases, patients receiving anticonvulsants and/or antiemetics, patients planning to undergo deep brain stimulation procedures, and patients unable to comprehend or sign the consent form. Finally, patients with severe liver or renal failure and those expected to require a long-term postoperative stay in the hospital were excluded from this study.
Dropouts or Drug interruption
Changes (> 20%) from baseline in the patient's heart rate, systolic blood pressure (per medical history), abnormal end-tidal carbon dioxide or arterial carbon dioxide partial pressure fluctuations, or peripherally measured fraction of oxygen-saturated hemoglobin (< 92%) under 40% oxygen administered via facemask, at 3 consequent time points postoperatively, led to the exclusion of the patient's data from that point onward until these parameters normalized. Also, patients who required postoperative controlled/assisted ventilation for longer than 4 hours or were combative or incoherent while requesting analgesia were excluded from the study from that time until spontaneous ventilation was retained or a stable mental state had been restored. Reintervention within 72 hours also meant the permanent exclusion of patient data from the time of the event. Finally, a patient who was considered by the attending surgeon as being excessively sedated was dropped from the study, and the drug study was stopped.
Study Design
This prospective study was performed in a placebocontrolled, double-blind (ratio 1:1) manner. Randomization was accomplished using the institution's pharmacyprepared patient list and RANDOM.org's software model (Randomness and Integrity Services Ltd.). Patients in the PGL group received capsules containing 150 mg PGL at 8:00 pm the night before surgery and 1.5 hours before undergoing surgery the next day. Patients in the placebo group were given identical capsules containing 500 mg starch at the same time points. No other premedication drugs were given to the patients preoperatively. Postoperatively, they continued to receive their allocated capsules 2 hours after surgery, and then twice daily for the next 72 hours.
The same surgical and anesthesia teams performed all procedures. Surgery consisted of infra-or supratentorial brain tumor/mass resection. General anesthesia consisted of propofol and a muscle relaxant, fentanyl boluses, or remifentanil by infusion, as deemed adequate by the anesthesiologist, as hemodynamically permitted, and as surgically required. Oxygen and isoflurane (infrequent) were provided, while no nitrous oxide was administered.
Prior to surgical incision, 20 ml lidocaine (1.5%) plus bupivacaine (0.25%) was injected into the subcutaneous and deeper areas at the surgical site. In the cases of awake surgery (i.e., monitored anesthesia care), propofol, fentanyl, or remifentanil was used to maintain minimal hypnosis and analgesia and avoid apnea, permitting the patient's cooperation at intervals either for motor or speech tasks (such as verb generation, free speech, or naming) that were performed by a dedicated advanced neuropsychologist. After the surgical procedure, boluses of morphine and propofol were available to the patient, as deemed necessary by the attending anesthesiologist, in order to keep the patient comfortable and alert but without hemodynamic fluctuations.
After the patient was fully conscious, had stable vital signs, was extubated and breathed spontaneously, and could carry out basic commands, he/she was transferred to the postanesthesia care unit (PACU) where the first vital signs were registered. When the patient was observed as being coherent, and upon the demand for analgesia, intravenous paracetamol or 1000 mg dipyrone was administered by the attending nurse. Further requests for pain relief were satisfied with intramuscular 75 mg diclofenac or 100 mg tramadol by slow intravenous infusion (not routinely accompanied by an antiemetic agent). If all the above analgesics were ineffective, 1 mg intravenous morphine was given until the NRS score was ≤ 5 of 10. 35 Ten milligrams intravenous metoclopramide was the first drug of choice for postoperative nausea and vomiting (PONV), followed by a slow administration of 3 mg granisetron if still experiencing PONV. Four milligrams intravenous ondansetron was subsequently administered for persistent PONV.
The patients remained in the PACU for a minimum of 3 hours to ensure the recognition of late-onset pain, sedation rebound, and neurological deterioration. They were then transferred to the neurosurgical intensive care unit or to the neurosurgical ward according to the surgeon's instructions.
Efficacy Measurements
Various parameters were assessed perioperatively by the attending nurses. In addition to vital signs and level of consciousness, the following 6 patient-rated and objective parameters were assessed, first hourly and then every 8 hours: 1) subjectively rated pain intensity using a 0 to 10 NRS (0 = no pain; 10 = unbearable pain). 2) Perioperative opioid consumption. The morphine equivalent (MOE) was calculated based on commonly used conversion tables of morphine. Daily or total MOE is expressed as follows: MOE = oral morphine mg dose + oral Percocet mg × 1.5 + oral Oxycod Syrup mg × 2 + oral tramadol mg/10 + intravenous morphine mg × 3 + intravenous tramadol mg/3.33 (as the intravenous potency is 1/10 of intravenous morphine and × 3 for oral tramadol). 32, 40, 41 3) Postoperative rates of drug usage, including analgesics and antiemetics. 4) Length of stay (LOS) in the hospital. 5) Patient overall satisfaction rate (by telephone survey). 6) Self-rated (NRS) pain scores and analgesics usage at 2 weeks and 1 and 3 months following surgery (by telephone survey, whenever obtainable).
Subjectively rated anxiety was assessed on a 0 to 10 NRS (0 = very calm; 10 = very anxious). This parameter was evaluated preoperatively during enrollment and immediately prior to surgery. Subjectively rated quality of sleep, on a 0 to 10 NRS (0 = unable to sleep because of anxiety; 10 = deep and satisfactory sleep), was assessed immediately prior to surgery.
Safety assurance
Throughout the study, any complaint of untoward effect was noted by the attending nurse or physician and treated appropriately. Several undesired effects that had been previously reported 10 were especially documented, including dizziness, dry mouth, peripheral edema, headache, sedation, blurred vision, PONV, and pruritus.
Data analyses
The analyses were performed using SPSS for Windows (version 21, IBM). Based on our previous studies, 29 a power table in which delta (the mean 6-hour difference in pain rated by NRS) was determined as 1.5 ± 1.0, alpha = 0.05, and a power of 0.95 resulted in 35 patients/group. Data on age, weight, ASA class, duration of surgery, levels of preoperative anxiety, quality of sleep, patient overall satisfaction, dosages of intraoperative drugs, and total or per patient dosages of perioperative analgesics were all compared using the 2-tailed t-test. Analysis of the parameters whose values fell in large ranges was verified using the Mann-Whitney U-test. The patients' short-and longterm self-rated pain scores, in-and out-of-hospital drug usages, and in-hospital LOS were analyzed in a similar manner. The sex distribution was analyzed using the chisquare test. The number of times the patients requested anti-nociceptives, and the rate of side effects attributed to the tested drugs, were analyzed using the Fisher exact test. All values are expressed as the mean ± standard deviation, with statistical significance being defined as p ≤ 0.05.
results
Demographics
Eighty-eight of the 100 enrolled patients completed the study (Fig. 1 ). There were no statistically significant differences between the groups with regard to age, weight, sex distribution, ASA class, preoperative steroid administration, LOS, rates of satisfaction and 30-day reoperation, side effects, and pain and anxiety levels at the time of admission (Tables 1-6 ). The duration of surgery and the administered anesthetic and analgesic drugs (Table 2) were also similar; all patients woke up immediately upon the interruption of anesthetics and were fully conscious. The number of patients who required blood replacement and their amounts, and the amounts of fluids infused during surgery, were within the normal ranges for the specific interventions and were similar between the 2 groups (data not shown).
Pain Scores and analgesics Use
The 2 primary goals of this investigation were to assess the immediate (0-to 3-day) postoperative pain scores and analgesic consumption, the late (up to 3-month) pain levels, and the use of painkillers outside the hospital. Importantly, the preoperative pain scores were similar among study individuals (Table 3) ; only 2 patients in the placebo group and 1 patient in the PGL group were using NSAIDs preoperatively with optimal pain control. The self-rated pain scores (0-10) that were recorded during the period of stay in the PACU were 33% lower in the PGL group, although the difference did not reach a level of significance. During the rest of the day of surgery (postoperative day [POD] 0), as well as POD 1, the PGL patients rated their levels of pain as being significantly lower than those reported by the placebo patients. The self-rated pain levels continued to be lower (~ 10%) in the PGL group on PODs 2 and 3, but these differences did not reach a level of significance (Table 3) . During the following days, the PGL pain scores were almost equal to those of the placebo pain scores (data not shown).
Overall, the PGL patients requested considerably fewer analgesics of any type in comparison with the placebotreated controls (Table 3 ). The PGL patients received 33% fewer opioids, and their overall opioid consumption was minimal in the neurosurgical ICU (Table 3) . After being discharged from the PACU, on PODs 0 to 2, the total amounts and fractions of drug doses per user, as well as the rates of usage for all types of analgesics, were constantly and significantly lower among the PGL patients than in controls. The amounts of drugs and the number of doses requested on POD 3 were consistently lower among the PGL patients in comparison with the controls; however, these differences did not reach a level of significance because of the small number of individuals requesting them (Type II statistical error).
The late (out-of-hospital) pain scores and the rates of analgesic use (Table 4) indicated that the pain scores of the PGL patients were 16% to 43% lower than those of controls although not reaching statistical significances (Type II statistical error). Painkillers were used similarly by both groups; however, 33% fewer PGL patients used analgesics during the 1st postoperative month compared with the placebos (Table 4) .
Pgl, Presurgical anxiety, and Sleep Quality
The 2 secondary goals of this study were to assess the presurgical level of anxiety and the associated disturbances of sleep. The levels of anxiety at the time of recruitment were similarly high in both groups (Table 5 ; Fig. 2 ). When interviewed prior to surgery, the PGL patients had a selfrated anxiety level that was significantly lower than that of the controls. The quality of sleep, which was also assessed before entering the operating room, was rated significantly better by the PGL patients (i.e., a higher NRS score) than the controls (Table 5 ; Fig. 3 ). These figures represented the effect of 2 doses and 1 dose of PGL, respectively. Table 6 lists the use of antiemetics during the patients' hospital stays and the number of cases of spontaneous vomiting. Antiemetics were administered intraoperatively as deemed necessary-but not prophylactically-by the attending anesthesiologist, and the number of doses administered in each group were almost identical. Postoperatively, antiemetics were given when a patient complained of sustained nausea or if vomiting occurred. Antiemetics were administered for those reasons to 34 PGL patients compared with 47 controls (p = 0.0092). The total rate of vomiting in the PGL group during the hospital stay was 40% that of the control group (p = 0.034; Table 6 ).
POnV and the Use of antiemetics
Overall Satisfaction, adverse events, and complication rates
The overall satisfaction rates with regard to perioperative experience were similarly high in both groups ( Table  4 ). The number of adverse events in the PGL group was similar to that in the control group (Table 3 ). The low rates of surgical complications and reoperation in both groups did not differ from the values in the institutional database records (data not shown).
Finally, the dropout rates (5 PGL vs 7 placebo patients) overlapped with the cases of self-drug interruption, nondrug causes, and drug-associated reasons (3 patients in the PGL group vs 2 patients in the placebo group) and were almost identical in both groups ( Fig. 1; Table 3 ). The sedation cases were excluded from the study by the surgeon on POD 2 from the time of their identification, and the drugs were stopped (excessive sedation was later discussed and its correlation to PGL remained unsettled).
Discussion
Morphine and morphine-like agonists are the cornerstone of perioperative analgesia. The use of opioids is often disputed by neurosurgeons because of their association with adverse events. Such sequelae can be minimized by the addition of nonopioid adjuvants. 20, 35, 37, 45 This randomized, controlled, double-blind trial demonstrates-for what we believe to be the first time-that the addition of twice-daily 150 mg PGL to opioids and nonopioids for 3 perioperative days was safe and beneficial for patients who underwent elective intracranial surgery. PGL reduced the self-rated pain scores and analgesic requirements by up to 33% during PODs 0 to 2. Furthermore, the patients' preoperative quality of sleep significantly improved, and their levels of anxiety were lowered by 1 and 2 doses of PGL, respectively. PGL use following the described protocol did not produce either excessive sedation or any other adverse effects but did reduce the PONV rates and the number of requests for antiemetics.
Opioids are the main analgesics used for treating moderate to severe pain when regional anesthesia is inapplicable. Surgical intervention within the brain requires particular attention since the prompt regaining of consciousness, responsiveness to commands, and stable hemodynamic and respiratory conditions are crucial during the entire postoperative period. Some surgeons also reject the use of NSAIDs due to the risk of intracerebral rebleeding, while others raise concerns about the depressive effects of multiple doses of opioids and the consequent increase in ce- rebral blood flow and intracranial pressure. Polypharmacy was shown to reduce morphine consumption and its undesired effects by one potentiating the other's analgesic attributes. 4, 13, 14, 28, 45, 48 Early PGL dosing had ranged between 300 and 600 mg/dose, 45 while currently the most accepted dose is twice-daily 150 mg PGL. 17, 33, 45 Premedication with 75 mg, followed by the same dose twice daily for 7 postoperative days, reportedly spared opioids meaningfully and reduced pain after breast augmentation. 23 Preemptive 300 mg PGL administered 1 hour prior to total knee arthroplasty with an additional twice-daily 150 mg PGL for 14 postoperative days also resulted in the lower use of oral opioid consumption and a significantly lower occurrence (5%-8%) of chronic knee pain after 3 and 6 months compared with placebo. 10 Engelman and Cateloy recently concluded that the lowest daily effective dose of PGL ranges between 225 and 300 mg. 21 Finally, 8-hour 150 mg PGL in patients scheduled for abdominal hysterectomy or myomectomy led to less morphine consumption during the first 48 hours, while the pain scores at rest and upon coughing following the ingestion of codeine plus acetaminophen (Lonalgal) tablets did not differ from placebo. 22 Thus, a higher daily dosage does not seem to reduce the use of rescue drugs, 22 as was documented in the present study as well. One possible explanation for these conflicting trial-and-error dosing results is that the clinical effects of PGL are not solely pharmacologically modulated, but may also depend upon the activities of neurological pathways within the pain centers whose mechanisms are not yet fully understood, e.g., pain neuroadaptation. 45 The best timing for gabapentinoid administration is 
Fig. 2.
The patients' preoperative anxiety levels. Anxiety was self-rated by the patients using an NRS (0-10) at both enrollment and after 2 doses of pregabalin just before surgery. *The reduction in anxiety was significant (p = 0.04) only in the pregabalin group. The open dots indicate outliers. Fig. 3 . Preoperative quality of sleep. Sleep quality was self-rated by the patients using NRS (0-10) before surgery and after 1 dose of pregabalin. *The pregabalin patients rated treatment significantly (p < 0.01) better than the placebo group.
well established. A meta-analysis of the effect of preoperative gabapentin on postoperative pain in 12 randomized controlled trials (896 patients) showed that its postoperative analgesic effects were best if administration started within less than 4 hours before surgery. 25 Pain intensity after administering 75 mg PGL at 1 hour before surgical molar extraction under local anesthesia was higher than if administered after it, but the analgesic consumption and side effects were similar. 15 Thus, twice-daily PGL optimally affects anti-nociception when administered a few hours before surgery and continued thereafter as described in the current study.
PGL has highly predictable and linear pharmacokinetics, with a profile that makes it easier to use in clinical practice compared to gabapentin. Its absorption is extensive, rapid, and dose-independent: the peak plasma concentration is reached within 1 hour, and a steady state is achieved within 24 to 48 hours of treatment. 3 It also has dose-proportional maximal plasma concentrations. PGL does not bind to plasma proteins and is excreted virtually unchanged by the kidneys (< 2% is metabolized).
3,38 Dose adjustment may be necessary in patients with renal insufficiency. Due to the lack of hepatic metabolism, induction, or inhibition of liver enzymes, PGL is unlikely to cause, or be subjected to, pharmacokinetic drug-drug interactions. Administering the drug up to 4 hours before surgery 25 is especially useful if an anti-allodynic effect is to be attained at the start of the postoperative period and assuming surgery lasts approximately 2 hours. 11 We therefore adhered to these timetables. We also added an extra 2-hour dose of PGL when we expected a longer duration of surgery.
Safety issues in the setting of PGL bear mentioning. Cardiac patients 75 years or older who were treated preoperatively with 150 mg PGL and then twice-daily 75 mg for 5 days reportedly consumed 44% to 48% less oxycodone postoperatively on PODs 2 to 5. 36 They also exhibited less confusion on the 1st postoperative day, although time to extubation was longer. 36 In our current study, this latter was not an issue, as long as patients woke up calm, hemodynamically stable, coherent, and following basic commands. Importantly, PGL was reportedly associated with dizziness, ataxia, blurred vision, and diplopia in a dose-dependent manner. 22, 45 PGL was also reported to decrease PONV in patients who did not receive anti-PONV prophylaxis, 19 as observed in the present study as well. We did not observe any increase in dizziness or PGL-associated sedation rates, and our data support an antiemetic effect of PGL. Nevertheless, 4 reviewed studies reported no prevention of PONV. 17 We found that PGL was associated with fewer cases of PONV, as well as with a reduced use of antiemetics (74% for the PGL-treated vs 94% for our placebo-administered elective neurosurgical patients requested antiemetics).
The patients in this study were administered PGL both before and after the scheduled intervention. Patients suffering from pain in general or being treated for it, using preoperative anticonvulsants or centrally acting drugs (e.g., antiemetics), were excluded, thus limiting confounding factors related to preoperative anxiety and sleep quality herein investigated. PGL acted favorably on those 2 factors, without increasing craniotomy-relevant adverse effects (e.g., dizziness, sedation, or PONV). This is in opposition to a study that demonstrated that preoperative single-dose PGL increased perioperative sedation in a group treated with 300 mg PGL and failed to reduce preoperative anxiety at any dose ranging between 75 and 300 mg. 47 However, these 2 elements were not tested postoperatively in our study because of the many confounding issues thereafter, such as pain, anesthetics, and opioid effects on the brain, subtle delirium, and antiemetics.
Data on 1 sedated PGL patient and 2 patients in the placebo group were excluded after their identification, and none required active intervention. There was another patient who complained of blurred vision: de-coding revealed that he belonged to the placebo group. Two other PGL patients reported a brief episode of dizziness; the drug was immediately stopped and the dizziness disappeared without further harm. It can be deduced that PGL at the given regimen, besides its pain-associated benefits, did not impair intra-and postsurgery clinical signs and symptoms, and no severe adverse events were attributed to it.
The duration of the beneficial effects of PGL does not seem to depend exclusively on the duration of its administration. There is general consensus that even if PGL is administered for 5 or more days postoperatively, its benefits are apparent for only 24 to 48 hours. 8, 10, 22, 33 We administered PGL for 3 days instead of 7 days, as described by others, 23 because of the known limited time effect of the drug, 8, 10, 22, 33 the consideration that brain interventions are less painful than, for example, orthopedic interventions, 10 and to minimize the occurrence of potential side effects. Further studies are warranted to evaluate the long-term effects of PGL in neurosurgical patients.
The lower number of PGL patients using analgesics at 1 month following surgery and their overall 25% to 40% better pain scores in comparison with placebo-administered matched controls further support PGL's beneficial analgesic effects. Some reports demonstrated late favorable PGL effects on evolving chronic pain, 30, 33 but others refuted those findings. 22 Some reports also linked the analgesic effect to the duration of the administration of the drug (up to 14 days). 10, 22, 26 Importantly, there was no case of hyperalgesia reported in either of our 2 groups. Nevertheless, since our protocol was designed to focus on acute postoperative pain and analgesic usage, the association between PGL and the reduction in long-term postoperative pain and analgesic use needs to be further investigated in depth.
A review of 55 nonneurosurgical studies 33 appeared in the literature while we were finalizing this report. Similar to our findings, the authors concluded that twice-daily 75 to 150 mg PGL improved at-rest and movement pain scores, spared opioid usage by approximately 28% at 24 hours, and reduced the PONV and pruritus rates. However, all of those benefits were at the expense of increased rates of sedation, dizziness, and visual disturbance, none of which occurred in our experience. The patients' acute pain outcomes were similar after any dose of PGL ranging between 100 to 300 mg PGL that was given either as a single preoperative dose or multiple postoperative doses. 33 
limitations
This study and the reported results bear several clinical limitations, all originating from the specific constituents of the protocol. First, the findings may not be valid for pa-tients undergoing urgent or emergent interventions or children who undergo craniotomy. Additional investigations are needed to elaborate the usefulness of the drug and the times and doses that are thereby appropriate. In addition, since patients in other institutions may not be admitted the night before surgery, they may be given the study medication to be taken at home on the evening before surgery. Third, this study reports data concerning an extremely small number of patients who underwent infratentorial interventions mixed with supratentorial ones. Some would allege that pain in infratentorial surgery is more intense than that in supratentorial surgery. Nevertheless, pain in the former would originate mostly from the neck muscles that are injured during surgery or during intervention that involves very low anatomical areas such as C4-5. None of our patients had such surgery; therefore, pain would not appear different in the 2 subgroups. The same could be said for the very small and identical number of patients who were included in the study while undergoing awake craniotomy. Nonawake craniotomies were performed in the vast majority of patients (84%), so the impact of the "awake" group on pain control versus general anesthesia is clinically nil. This is besides the fact that the brain is non-nociceptive, and the non-brain tissue components of the cranium are equally painful in either group.
conclusions
This study contributes to the expanding knowledge on the perioperative administration of twice-daily 150 mg PGL. Primarily, its prolonged perioperative administration did not interfere with patient safety and outcomes after intracranial surgery. We demonstrated that 1 dose of PGL improved the quality of sleep during the night before elective craniotomy, while 2 doses significantly alleviated the patients' presurgical anxiety. The addition of 150 mg twice-daily PGL for 72 hours after surgery to commonly used analgesics yielded better pain scores in comparison with placebo and concomitantly reduced the doses and consumption rates of both analgesics and the need for antiemetics. There were no significant adverse effects or unacceptably excessive sedation levels associated with PGL, which seemingly contributed to the observed reduction in PONV.
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